Recent theoretical and empirical work has highlighted the role of domain-general, large-scale brain networks in generating emotional experiences. These networks are hypothesized to process aspects of emotional experiences that are not unique to a specific emotional category (e.g., Bsadness,^Bhappiness^), but rather that generalize across categories. In this article, we examined the dynamic interactions (i.e., changing cohesiveness) between specific domain-general networks across time while participants experienced various instances of sadness, fear, and anger. We used a novel method for probing the network connectivity dynamics between two salience networks and three amygdala-based networks. We hypothesized, and found, that the functional connectivity between these networks covaried with the intensity of different emotional experiences. Stronger connectivity between the dorsal salience network and the medial amygdala network was associated with more intense ratings of emotional experience across six different instances of the three emotion categories examined. Also, stronger connectivity between the dorsal salience network and the ventrolateral amygdala network was associated with more intense ratings of emotional experience across five out of the six different instances. Our findings demonstrate that a variety of emotional experiences are associated with dynamic interactions of domain-general neural systems.
Evidence increasingly suggests that coordinated, large-scale networks are implicated across a variety of emotional experiences (Barrett, 2006 (Barrett, , 2012 Barrett & Satpute, 2013; Lindquist, Wager, Kober, Bliss-Moreau, & Barrett, 2012; Touroutoglou, Lindquist, Dickerson, & Barrett, 2015;  Wilson-Mendenhall, Barrett, & Barsalou, 2015) . Situating recent meta-analytic evidence on brain basis of emotion within a growing systems neuroscience literature reveals that the regions involved in emotion are distributed across multiple, anatomically constrained Bresting-state^networks that contribute to many psychological phenomena (Barrett & Satpute, 2013; Kober et al., 2008; . Specific regions that had initially been shown to be more active for one emotion category than for others in meta-analytic data (e.g., more active for fear than for sadness or disgust; Fusar-Poli et al., 2009; Vytal & Hamann, 2010) were not replicated in a more comprehensive metaanalysis , but instead operate in large-scale networks that are not specific to any given emotion category (Touroutoglou et al., 2015) , or even to the domain of emotion (Anderson, 2015) . These networks support more domain-general functions, such as executive function, affiliation, salience detection, and so forth, and thus contribute to constructing emotional experiences (as well as other kinds of experiences; Barrett & Satpute, 2013; . When regional or network patterns emerge for one emotion category versus another, this is because that category of emotional experiences tends to draw more on certain domain-general functions than others (Saarimäki et al., 2015; Tettamanti et al., 2012; Wager et al., 2015;  Wilson-Mendenhall, Barrett, Simmons, & Barsalou, 2011) .
Consistent with meta-analytic evidence and other recent neuroscience findings, emerging psychological-construction approaches emphasize that a domain-general network approach is powerful because the interplay of networks could account for the wide variety of emotions that people experience in real life (e.g., Barrett, 2013; Wilson-Mendenhall et al., 2015) . In contrast to traditional Bbasic^emotion approaches (e.g., Ekman, 1999; Panksepp, 2004) , which remain focused on identifying the biological signatures of five or so emotion categories, psychological-construction approaches motivate a new empirical focus on the role of domain-general networks in different emotional experiences. Here, we examined whether the large-scale resting-state networks that have been associated with domain-general network dynamically coordinate during the emergence of different emotional experiences.
Neuroimaging studies have identified several networks that appear to be involved in constructing a variety of emotional experiences: (1) a Bsalience network^encompassing the anterior insula and anterior cingulate cortex (Hermans et al., 2011; Kober et al., 2008; Seeley et al., 2007; Touroutoglou, Bickart, Barrett, & Dickerson, 2014; Touroutoglou, Hollenbeck, Dickerson, & Barrett, 2012) and (2) three amygdala-based networks whose seeds are located in the medial, ventrolateral, and dorsal aspects of the amygdala and are associated with the domain-general processes of affiliation, social perception, and aversive response, respectively (Bickart, Hollenbeck, Barrett, & Dickerson, 2012) .
The term Bsalience^means to allocate attention to the sensory signals that have relevance for allostasis (i.e., the process of keeping various physiological systems in balance; for a definition of Bsalience,^see Barrett & Simmons, 2015 ; for a discussion of allostasis, see Sterling, 2012) . Both the salience and amygdala-based networks are important for predicting and attending to stimuli that will influence allostasis. Visceromotor limbic cortices (notably the cingulate cortices, the anterior insula, and medial prefrontal cortices) are key regions in the brain that regulate allostasis (for a review, see Barrett & Simmons, 2015; Chanes & Barrett, 2016) , and all can be found in networks that regulate attention. According to recent theoretical accounts that use an active inference approach, as well as anatomical detail from tract-tracing studies, these visceromotor regions within the salience and amygdalabased networks send visceromotor commands to the subcortical structures that control the autonomic systems (e.g., the hypothalamus and periaqueductal gray matter); they also anticipate the sensory consequences of these visceromotor changes by sending interoceptive predictions to the primary interoceptive cortex in the posterior insula, which are then corrected by actual interoceptive inputs from the body (Barrett & Simmons, 2015) . These interoceptive predictions (and their adjustments) are the basis of affective feelings. As the intensity of emotional experience increases, greater coupling is observed between these networks, as they are functioning to keep the body's systems in balance in the face of an evocative stimulus.
Although the importance of the salience and the amygdalabased networks in affective experience has been established individually, the goal of the present investigation was to examine the dynamic connectivity between these networks in relation to the fluctuating intensity of subjective emotional experience induced by movies. Dynamic interactions have been increasingly highlighted in recent neuroscientific accounts, conceptualizing emotions less as punctuate phenomena and more as events that unfold over time (Barrett, 2013; Lewis, 2005; Scherer, 2009) . We have hypothesized that emotions are generated through the interactions of networks involved in domaingeneral processes that are not specific to emotion (e.g., Barrett, 2013; Barrett & Satpute, 2013; Barrett & Simmons, 2015) . In light of these hypotheses, we examined time-varying functional connectivity during the dynamic emergence of emotional experiences induced by the film clips. More naturalistic emotional experiences, such as viewing film clips, elicit strong subjective and physiological changes by introducing dynamic, real-world social situations (Gross & Levenson, 1995; Schaefer, Nils, Sanchez, & Philippot, 2010) . We hypothesized a correspondence between the temporal patterns of network connectivity and the intensity of emotional experiences both within and between different emotion categories.
To examine this hypothesis, we used a newly developed approach for extracting a continuous network cohesion index (NCI; Fig. 1 ) (Raz et al., 2014; Raz et al., 2012) . The NCI is a sliding-window estimator of the connectivity between brain networks' nodes derived from functional magnetic resonance imaging (fMRI). NCI time courses can be compared with time-varying indices of emotional experiences to investigate the relevance of network dynamics to the emotional experience. The present study is unique in taking a dynamic approach to measuring time-varying functional connectivity and time-varying subjective reports of emotional experience.
We specifically examined the internetwork cohesion of the salience and amygdala-based networks during experiences of anger, sadness, and fear while participants viewed films clips that induced these emotion categories (Rottenberg, Ray, & Gross, 2007) . The participants in four different samples first viewed each film during scanning and then watched each clip a second time outside the scanner while making continuous intensity ratings of the most relevant subjective emotional experience that was induced by the clip (see Table 1 ). We predicted that as the cohesion of the salience and amygdalabased networks increased, so too would the self-reported intensity of the sadness, fear, and anger experienced. Fig. 1 a Illustration of the sensitivity of the network cohesion index (NCI) to phasic coupling of signals. Each of the colored lines represents the blood oxygen level dependent (BOLD) time course of a node in a specific network defined on the basis of prior knowledge (schematically represented as points on a glass brain in panel b). The data presented here were taken from a random, representative participant. The upper gray curve indicates the average signal at each time point. The gray curve at the bottom represents the NCI computed for this network. The color bar areas mark the intervals of increased NCI. Note that during these intervals, no global peaks of the mean signal are evident, but rather fluctuations of the signals that follow similar temporal trends. This indicates that the NCI is indeed sensitive to the extent to which the fluctuations are homogeneous, as expected. b The NCIs were computed as the t statistics for a set of Fisher z-transformed pairwise correlations between the signals of the nodes either within a network (intra-NCI) or between networks (inter-NCI)
Method Participants and materials
Data were collected from four independent samples of healthy volunteers without known histories of neurological or psychiatric disorder and with at least 12 years of education, with Hebrew as their spoken language. The data for all the movies were part of larger datasets collected for projects examining hypotheses unrelated to this study. All of the participants signed an informed consent form approved by the ethics committees of the Tel Aviv Sourasky Medical Center.
Sample 1: Participants watched a film clip taken from Sophie's Choice (Pakula, 1983; 10:00 min) and one taken from Stepmom (Columbus, 1998; 8:21 min) . The target emotion category in both cases was sadness. However, since the clips presented different numbers of dramatic peaks, they were expected to induce different temporal profiles of emotional intensity. Valid ratings and fMRI data were obtained from 44 (25 females, 19 males; mean age = 26.73 ± 4.69 years, range = 21-37) individuals while watching the Sophie's Choice clip, and 43 (22 females, 21 males; mean age = 26.93 ± 4.86 years, range = 21-37) individuals while watching the Stepmom clip. These were previously analyzed in the context of empathy-related processing (Raz et al., 2012) . Sample 2: Valid data were obtained from 28 participants (13 females, 15 males; mean age = 23.48 ± 1.01 years, range = 22-26) while watching an excerpt from The X-Files (Manners,BHome^episode, 1996 ; 5:00 min) with the target emotion of fear. Sample 3: Valid data were collected from 14 participants (two females, 12 males; mean age = 25.5 ± 4.15 years, range = 22-39) while watching an excerpt from The Ring 2 (Nakata, 2005; 8:15 min) with the target emotion of fear.
Sample 4: Participants watched an excerpt from the documentary Avenge but One of My Two Eyes (Mograbi, 2005 ; 5:21 min) twice at two time points, with a oneyear gap between viewings. The target emotion category was anger. In a pilot study, in which we examined angerinducing clips, we found that only the clip from Avenge effectively and distinctively elicited anger. Other angerinducing clips, such as Schindler's List, elicited mixed responses in which anger was not the dominant emotion category. Valid data were collected from 74 individuals (males only; mean age = 19.51 ± 1.45 years, range = 18-21.5) at Time Point 1, and 42 individuals at Time Point 2 (mean age = 19.7 ± 0.82 years, range = 19-22).
Behavioral data acquisition
Movie task All participants were instructed to passively view the films and pay attention to the cinematic events. In Sample 1, the two sadness clips (Sophie's Choice and Stepmom) were presented to the participants in a counterbalanced order with a period of 10 min in between. The display of all films was preceded and followed by an epoch during which the participants passively gazed at an all-black slide. The duration of this epoch was 30 s for the X-Files and Avenge clips, 2 min for the Ring 2 clip, and 2 min for the Sophie's Choice and Stepmom clips.
Emotion label rating inventory Outside of the scanner, after scanning was complete, participants were asked to provide a detailed report of their emotional experience by completing an emotion category label inventory. The aim of the emotion label inventory was to provide an emotional profile of the clips rather than to capture individual responses to the cinematic material. The emotion labeling provided a richer description of the emotional experiences constructed during the films and complementary information on the relevance of the target emotion categories that were preselected for the continuous emotional-experience intensity-rating task. The inventory contained 76 emotion labels that were adopted from Shaver, Schwartz, Kirson, and O'Connor (1987) , translated into Hebrew and presented along with their corresponding annotations, adapted from the Rav-Milim Hebrew dictionary (see also Fig. S2 ). The participants rated how intensely they experienced each emotion category on a 7-point Likert-like scale (1 = negligible, 7 = very high intensity). In Samples 2 and 3, the emotion label inventory was completed by independent samples of 16 participants (31.81 ± 6.61 years, range = 22-48; 29.87 ± 5.57 years, range = 22-48, respectively).
To test that the three film categories used in the study differed in the ways they were emotionally tagged by the participants, we performed a multivariate analysis of variance (MANOVA). The subjective ratings of the 76 emotion labels were pooled for each category (i.e., Bfear,^Bsadness,^and Banger^) and used as dependent variables in this test. A post-hoc Wilcoxon ranked sum test was used to specifically verify cross-category differences in the three target emotion categories.
To further test the predominance of the target emotion and the related emotion labels within the relevant categories, we performed a comparison based on factor analysis. Ten factors were extracted from the labeling data, pooled over all of the cinematic conditions using the maximum likelihood estimation procedure (Harman, 1976) as implemented in the MATLAB Bfactoran^function. For each category we selected the factor for which the target emotion had one of the three highest loadings. The weighted target factors were compared with the two other factors (after z-scoring the loadings) within each of the three categories using a paired two-sided Wilcoxon ranked sum test. The ratings of the two cinematic conditions were pooled within the categories before testing.
Continuous emotional experience intensity ratings In the postscan viewing session, the participants then rewatched the designated movie clips while continuously reporting on shifts in the intensity of a single target emotional experience of interest (sadness, fear, and anger experience in Samples 1, 2-3, and 4, respectively). Participants were instructed to report on the intensity of their emotional experience as they had experienced it while watching the film clip during their first viewing in the scanner. They made their ratings retrospectively to avoid contaminating the fMRI recording; retrospections made this close in time to the original experience contain little bias and highly correlate with the original experience (Raz et al., 2012; Robinson & Clore, 2002) . Each rating was sampled at 10 Hz using in-house software. The participants used a vertical scale, indicating seven levels of intensity-from neutral to very intense (each containing three sublevels, so the participants had to press three times to advance to the next level; see Fig. S1 ). In Sample 4, two participants had missing data due to technical difficulties. In Sample 3, four participants had missing data for the same reason.
fMRI data acquisition and preprocessing
All scans during film viewing were obtained by a GE 3-T Signa Excite echo speed scanner with an eight-channel head coil located at the Wohl Institute for Advanced Imaging at the Tel Aviv Sourasky Medical Center. The structural scans included a T1-weighted 3-D axial spoiled gradient echo (SPGR) pulse sequence (repetition time [TR]/error time [TE] = 7.92/ 2.98 ms, 150 slices, slice thickness = 1 mm, flip angle = 15°, pixel size = 1 mm, field of view [FOV] = 256 × 256 mm). Functional whole-brain scans were performed in interleaved order with a T2*-weighted gradient echo planar imaging pulse sequence (TR/TE = 3,000/35 ms, flip angle = 90°, pixel size = 1.56 mm, FOV = 200 × 200 mm, slice thickness = 3 mm, 39 slices per volume). Active noise-cancelling headphones (Optoacoustics) were used.
Preprocessing was performed using Brain Voyager QX version 2.4 (Goebel, Esposito, & Formisano, 2006) . Head motions were detected and corrected using trilinear and sync interpolations, respectively, applying rigid-body transformations with three translation and three rotation parameters. The data were high-pass filtered at 0.008 Hz. Spatial smoothing with a 6-mm full width at half maximum (FWHM) kernel was applied. To avoid the confounding effect of fluctuations in the whole-brain blood oxygenation level dependent (BOLD) signal, for each TR, each voxel was scaled by the global mean at that time point. The anatomical SPGR data were standardized to 1×1×1 mm and transformed into Talairach space after manual co-registration with the corresponding functional maps.
In all, 21, 20, 27, three, and six data sets were discarded due to various technical failures and exaggerated head motions (deviations higher than 1.5 mm and 1.5°from the reference point) in the cases of Stepmom, Sophie, Avenge, The Ring 2, and The X-Files, respectively (see Table 1 for the final numbers of analyzed datasets).
Definition of regions of interest (ROIs) within the salience and amygdala-based networks
The coordinates of the major nodes within the salience network used for the network cohesion analysis had been previously identified in Touroutoglou et al. (2012;  see Table 2 and Fig. 2 ). We used ROIs within each of the two anatomically separable and functionally distinct salience subnetworks-the dorsal and ventral salience subnetworks (Nelson et al., 2010; Touroutoglou et al., 2012) . Similarly, the major nodes within the three amygdala-based networks-the medial, ventrolateral, and dorsal amygdala networks-had been previously identified in Bickart et al. (2012;  see Table 2 and Fig. 2 ). The determination of the coordinates of the major nodes within the amygdala-based networks is reported in the supplementary materials.
Network cohesion index analysis
A node's signal was extracted using a mask including voxels whose Gaussian weight was higher than 1 %. To compute the NCIs (Raz et al., 2014; Raz et al., 2012) , the BOLD signal was first extracted for each node within each network (the dorsal salience, ventral salience, medial amygdala, ventrolateral amygdala, and dorsal amygdala networks) using a Gaussian mask with a 3-mm radius around the seed coordinates. Pearson correlations between the signals of all pairs of crossnetwork nodes were then computed in sliding 30-s (ten TRs) time windows. The Pearson coefficients of the relevant nodes were Fisher-z transformed for each time window within each We did not introduce a lag between the NCIs as in Raz et al. (2012) . NCIs were computed only for networks whose nodes did not overlap spatially, since such an overlap introduces strong dependencies between the signals. The dorsal amygdala network was found to spatially overlap with both the ventral and dorsal salience networks, and therefore the cross-network NCIs for these networks were excluded from analysis. Before comparing the emotional rating and the NCIs, we excluded an interval whose duration was seven TRs (approximately the span of hemodynamic response) from the onset of each of the time series, to minimize the effect of novelty related to the change between the rest and movie conditions (Raz et al., 2014; Raz et al., 2012) . The rating time series were preprocessed so that their length would fit the length of the NCI series. Median values of the rated emotion intensity were computed in sliding time windows of ten TRs with an overlap of nine TRs (similarly to the NCI computation). Using a Spearman's rank test, the temporal pattern of the NCI was then correlated with the ratings for each of the individual participants. The correlations were computed for series including only nonoverlapping time windows.
To test the statistical significance of the association between emotion intensity ratings and NCI indices, a twotailed z test was performed on the Fisher z-transformed Spearman correlation coefficients, which were normally distributed.
Estimating the specificity of the results in the brain space
To control for the possibility that the association between the rating and the NCI results from a nonspecific source (e.g., head motions or other whole-brain physiological noise), a spatial bootstrapping method was employed (Raz et al., 2014; Raz et al., 2012) . The sets of coordinates of the dorsal salience and medial amygdala networks were randomly translocated using translations, rotation, and mirror-flip transformations. These transformations preserve the set of distances between the nodes of the original networks. The ICBM 452 probability map (www.loni.usc.edu/atlases/ Atlas_Detail.php?atlas_id=6) was used to generate a graymatter mask. A Gaussian sphere with a 3-mm radius was generated around the node coordinates, and the weighted probability of each of the nodes included in the gray matter was computed. A random network was discarded if any of its nodes had a weighted gray-matter probability lower than 25 % (this threshold was selected because it allows for the inclusion of brainstem regions).
After the exclusion of overlapping randomized networks, 405 sets of coordinates were further used to test the specificity of the results. For each of the cinematic conditions and randomized networks, the analysis of NCI-behavioral associations described above was repeated. The z values were calculated for the comparisons between the emotional ratings and the NCIs of the randomized networks. The index of specificity of the dorsal salience-medial amygdala NCI was defined as the percentage of the randomized instances with a z value lower than the original result.
Simple ROI regression analyses of BOLD-rating correlations
Network dynamics analysis was compared with a standard general linear model (GLM) analysis in which ratings of the intensity of emotion experience were used as parametric regressors for the fMRI data. The ratings were convolved with a canonical hemodynamic response function, and a separate design matrix was generated for each of the films.
An additional analysis was performed to examine the possibility that the emotional rating could be predicted by the network nodes' BOLD signal alone, regardless of the cohesion index. Spearman's coefficients for the nodes' signal and the rating were computed in two alternative ways. The first included resampling of the BOLD signal, similarly to the resampling used for the cohesion analysis. BOLD signals were extracted for each node of the networks of interest and averaged in sliding windows corresponding to the nonoverlapping windows used for the cohesion analysis. The second method included no resampling of the data as in standard fMRI regression analysis. The BOLD signal of each node was compared with the emotional rating after it was convolved with a canonical hemodynamic response function.
The Fisher z-transformed Spearman's coefficients for individual comparisons of the brain-behavioral indices were ztested as described in the Method section. False discovery rate (FDR) correction was applied for 33 comparisons (the total number of nodes) for the five cinematic conditions.
Partial conjunction analysis
To examine the consistency of the link between the emotion rating and the NCI (as well as other univariate fMRI measures), we applied partial conjunction analysis (Heller, Golland, Malach, & Benjamini, 2007) . This method allows for testing a hypothesis using repeating tests under positive dependency. We applied the algorithm (available at www. math.tau.ac.il/~ruheller/Software.html), using a version that is compatible with positive dependencies. This procedure also controls for the FDR (Benjamini & Yekutieli, 2001) . Partial conjunction analysis was applied to test the consistency of the association between the ratings of subjective emotional experience and the ROI signals, as well as the whole-brain GLM, as described in Heller et al. (2007) .
A post-hoc test of the link between the medial amygdala-dorsal salience NCI and a pattern of monotonic growth A post-hoc analysis was designed to examine the possibility that the correlation of the medial amygdala-dorsal salience NCI with the emotional intensity ratings was confounded by the tendency of this neural index to increase monotonically during the scan. We assumed that if this confound were relevant, the replacement of the Bdouble hump^pattern of the rating in Stepmom with a sham rating pattern, which is closer to monotonic growth, would increase the correlation between the medial amygdala-dorsal salience NCI and the rating.
The median of the emotional intensity ratings of sadness experienced during the Sophie's Choice clip, which showed gradually increases over time, was resampled using the standard MATLAB resample function to fit the duration of emotional rating in Stepmom. This regressor was then compared with the individual medial amygdala-dorsal salience NCIs, as described above.
Results

Emotion labeling and continuous rating
We first tested whether the specific film clips were different in terms of the reported emotional experiences they elicited. A MANOVA revealed that the profiles of rated emotion categories significantly differed across the emotional film categories (the transformed Wilk's lambda corresponds to χ 2 = 17,648 with 75 degrees of freedom, p < 5 × 10 -32 ). FDR-corrected post-hoc contrast analyses indicated that the clips in each of the target emotion categories were rated higher for that category than were the clips in any of the other categories [Fear (FEAR) > Fear (SADNESS): z = 3.64, p < .0005; Fear (FEAR) > Fear (ANGER): z = 6.34, p < 5 × 10 -10 ; Sadness (SADNESS) > Sadness (FEAR): z = 6.28, p < 5 × 10 -10 ; Sadness (SADNESS) > Sadness (ANGER): z = 4.84, p < 5 × 10 -6 ; Anger (ANGER) > Anger (FEAR): z = 5.6, p < 5 × 10 -8 ; Anger (ANGER) > Anger (SADNESS): z = 5.72, p < 5 × 10 -8 ; Fig. 3a ].
For five out of the six film clips, participants rated their experience as being most intense according to the target emotion label (sadness while watching the Sophie's Choice and Stepmom clips; fear while watching the X-Files clip; anger while watching the Avenge clip; Table 3 ). The exception was The Ring 2, for which the target emotion category, fear, was rated second only to the related label fright. The continuous emotional experience ratings confirmed that each film was effective in eliciting the target emotional experience during the dramatic peaks of the clips. The peak sadness intensity scores were 19.5 and 13 out of 21 during the Sophie's Choice and Stepmom clips, respectively (corresponding to the labels very high sadness and moderate to high sadness, respectively). The peak fear ratings were 12/21 (moderate fear) and 13/21 (moderate to high fear) during the X-Files and Ring 2 clips, respectively. And the peak anger intensity ratings were 19/21 (very high anger) and 18/21 (high anger) during the viewings of the Avenge clip.
The predominance of the target emotion and the related labels within each of the categories was validated by comparing the relevant factors computed by maximum likelihood estimation. As expected, we found three distinct, semantically coherent factors in which fear, sadness, and anger were dominant. Thus, the highest five loadings on the three relevant factors were given to the labels: (1) anger, hate, rage, hostility, FEAR, SADNESS, and ANGER indicate the movie categories by the target emotion. * p < .0005, ** p < 5 × 10 -6 , *** p < 5 × 10 -10 , **** p < 5 × 10 -15 , ***** p < 5 × 10 -20 and abhorrence on Factor 1; (2) fright, fear, dread, horror, and shock on Factor 6; and (3) compassion, sadness, sympathy, mercy, and gloominess on Factor 7 (see Fig. S2 in supplementary materials for the full composition of the factors). As expected, Factor 1, in which anger was dominant, was higher than Factors 6 (z = 10.37, p < 5 × 10 -25 ) and 7 (z = 8.9, p < 5 × 10 -18 ) for the anger-inducing films; Factor 6, in which fear was dominant, was higher than Factors 1 (z = 4.57, p < 5 × 10 -6 ) and 7 (z = 4.51, p < 5 × 10 -5 ) for the fear-inducing films; and Factor 7, in which sadness was dominant, was higher than Factors 1 (z = 9.1, p < 5 × 10 -19 ) and 6 (z = 8.01, p < 5 × 10 -
15
) for the sadness-inducing films (Fig. 3b) .
Network interactions correlates with the intensity of emotional experiences
As predicted, the internetwork cohesion indices were consistently related to the intensities of two different experiences of sadness, as well as to the intensity of fear and anger experiences. Specifically, the NCI reflecting connectivity between the dorsal salience and medial amygdala networks was significantly positively correlated with the intensity ratings of the target emotional experience across all of six cinematic conditions ( Fig. 4a and Table 4 ). Partial conjunction analysis indicated a significantly consistent link between the medial amygdala-dorsal salience NCI and the ratings across all six of the conditions [q FDR < .05]. In the case of the dorsal salienceventrolateral amygdala coefficient (see Fig. S3 in the supplementary materials), significant correlations with the emotional experience intensity rating were found for five out of the six conditions. Significant correlations with the ratings were also found for the ventral salience-ventrolateral amygdala and ventral salience-medial amygdala in two and one out of six conditions, respectively.
We employed a bootstrapping method to assess whether the observed brain-experience relationship was unique to the specific constellation of the dorsal salience network and the medial amygdala, or rather to a global brain phenomenon unspecific to our networks of interest. In each sample, we The specificity of the results in the brain space was assessed using a bootstrapping method. A frequency histogram presents the z values resulting from comparisons between the ratings and NCIs computed for random networks. The black arrows indicate the z values of the original comparisons. * p < .05, ** p < .01, *** p < 5 × 10 -4 , **** p < 5 × 10 -9 observed high specificity in the brain space of the association between the intensity ratings and the NCI of the dorsal salience and the medial amygdala networks (i.e., whether there was a low chance of getting similar or stronger correlations between the rating and the cohesion of sets of gray-matter regions when these regions were selected randomly; Fig. 4b ). We found specificity of 100 % for the Sophie's Choice clip, 99.11 % for the Stepmom clip, 97.54 % for the X-Files clip, 99.55 % for the Ring 2 clip, 97.07 % for the first display of Avenge, and 99.33 % for the second display of Avenge. Furthermore, when we replaced the median rating of sadness during the Stepmom clip with the median rating of sadness for the Sophie's Choice clip (which showed a monotonic ascent), we did not observe a significant correlation between the dorsal salience-medial amygdala NCI and the intensity ratings. This indicates that the correlation between internetwork cohesion and the intensity of sadness was not due to a general tendency of the NCI to correlate with a pattern of monotonic growth. Further supporting our predictions, the NCI reflecting connectivity between the dorsal salience and the ventral amygdala networks was significantly correlated with the rating of emotional intensity across five of the six conditions (Table 4) .
The ventral salience NCIs were not consistently associated with continuous ratings of emotional experience, although they were statistically significant during the Sophie's Choice film clip (Table 4) .
Finally, we performed tests to confirm that the NCI analysis indeed captured a relationship between network connectivity and emotional experience that could not be captured by simpler measures such as the BOLD signal. In a whole-brain GLM analysis (Fig. 5, Table S1, Fig. S4 ), the most consistent brain-behavior correlations were found in regions implicated with visual scene processing along both the ventral and dorsal pathways. The peak effects (consistent in four out of six conditions at q FDR < .05) were found bilaterally in the fusiform gyrus (19 and 14 voxels in the right and left hemispheres, respectively) and the ventral-caudal intraparietal sulcus (three and one voxels, which are part of a larger cluster spread across the right and left hemispheres, respectively). Other effects were found in frontal regions-mainly in orbitofrontal cortex and frontal eye field, but their consistency level was lower. Additionally, we examined whether the ratings of emotional experience intensity correlated with the BOLD signal alone in the nodes of the networks of interest. The results showed that although several nodes' BOLD signals correlated with the ratings of emotional experience (see Table S1 and S2 in the supplementary materials), these correlations were not statistically significant for all six of the movie viewing conditions. For example, the BOLD signal within the right ventral anterior insula correlated with the ratings of emotional experience of fear and anger, but not in the sadness-inducing clips.
Discussion
Inspired by psychological-construction approaches to emotion (Barrett, 2006 (Barrett, , 2012 , in our study we examined the hypothesis that dynamic interactions of domain-general, large-scale intrinsic brain networks support the emergence of a variety of experiences both within and between different emotion categories (Barrett, 2006 (Barrett, , 2012 Barrett & Satpute, 2013; Touroutoglou et al., 2015) . We found a consistent relationship between time-varying internetwork functional connectivity measures and timevarying self-reported emotional intensity across several different categories of emotional experiences. More specifically, the salience network, anchored by dorsal anterior insula, showed increased connectivity to regions of the medial amygdala network involved in social affiliation as cinematic experiences of Fig. 5 General linear model analysis with emotion intensity ratings as parametric regressors over the six film clips. Partial conjunction analysis was used to examine the consistency of the associations between these indices. The colors indicate the robustness of the results (the numbers of conditions in which a significant effect was found, out of the total number of conditions), as regions with high probability scores (red in online figure) are more consistently correlated with the ratings across cinematic conditions. Only the effects that were consistent in two or more conditions are shown. The results were thresholded at q FDR < .05 anger, sadness, and fear became more intense. We also observed that the connectivity strength between the dorsal salience network and the ventrolateral amygdala network increased as emotional experiences became more intense in five of the cinematic conditions. Our findings highlight the added value of analyzing time-varying connectivity dynamics as a complementary approach to a static, intrinsic-network analysis. Using a newly developed functional connectivity method during film viewing, we have demonstrated for the first time that the time-varying dynamic coupling of networks correlates with emotional intensity. Because the ratings did not show a consistent relationship with any given network node's BOLD signals, our results suggest that the time-varying connectivity between networks is what is important for understanding emotional intensity (rather than the activity of single nodes).
These findings are also in line with a growing body of evidence that supports a domain-general, constructionist approach to emotion categories (Kober et al., 2008; . The insula-based network regions associated with salience and the amygdala-based networks regions associated with the social-affiliation network (Bickart et al., 2012) have consistently demonstrated increases in activation in metaanalyses of neuroimaging studies of anger, sadness, fear, disgust, and happiness (Kober et al., 2008; . Interestingly, the medial amygdala Bsocial-affiliationn etwork shares many overlapping regions with the Bdefault mode^network, which includes midline cortical, lateral prefrontal, and temporal lobe regions (Andrews-Hanna, Reidler, Huang, & Buckner, 2010; Buckner, Andrews-Hanna, & Schacter, 2008) that are consistently active during varieties of emotion categories such as anger, fear, happiness, and sadness Wilson-Mendenhall et al., 2015; Wilson-Mendenhall et al., 2011) . The ventromedial prefrontal cortex, which is an overlapping node in both the default and medial amygdala networks, appears to be particularly important for understanding the meaning of moment-to-moment changes in affective and social cues (for empirical evidence, see Roy, Shohamy, & Wager, 2012 ; for a discussion, see also Barrett, 2012; Barrett & Satpute, 2013) .
The lack of specificity for the salience network suggests that it plays a more domain-general function across instances of anger, fear, and sadness, perhaps by representing the feeling of arousal that is common across different emotion categories. Salience network regions are implicated in a variety of tasks that involve unpleasant affect (Hayes & Northoff, 2011) . More specifically, our findings are consistent with other recent work showing that salience network intrinsic connectivity is associated with negative affect (Touroutoglou et al., 2014; Touroutoglou et al., 2012; Touroutoglou et al., 2015) across different categories of negative emotions (Touroutoglou et al., 2015) , as well as evidence that it supports empathy (Decety & Jackson, 2004) and contains key regions responsible for visceromotor control (Craig, 2011; Ongur, Ferry, & Price, 2003; Vogt, 2005) . Nodes within the dorsal salience network are also engaged during attention and executive function tasks (Corbetta, Patel, & Shulman, 2008; Nelson et al., 2010) , and it has been suggested that the network helps guide Bswitchingb etween internally and externally focused events (Corbetta et al., 2008; Menon & Uddin, 2010) . Finally, the ventral salience NCIs were associated with emotion experience in only two emotional experiences: anger when watching The Ring and sadness when watching Sophie's Choice. This is an important observation, because it shows clearly that each emotion category is a population of diverse instances that are constructed using different interacting networks (i.e., different varieties of anger [when watching The Ring vs. Avenge] and sadness [when watching Sophie's Choice vs. Stepmom]). Future studies should investigate the distinct contributions of the dorsal and ventral salience networks in the dynamic interactions of the networks involved in constructing emotional experiences. It is possible that emotional intensity in these two dynamic movie clips was specifically related to intense changes in interoception (i.e., the perception of internal sensations from the core of the body; Barrett & Simmons, 2015) .
Similarly, nodes within the medial amygdala network involved in social affiliation are engaged during emotion experiences , and also appear to serve more domain-general functions. In particular, affiliation network nodes such as ventromedial prefrontal cortex and hippocampus are engaged in autobiographical memory and semantic memory (Buckner et al., 2008) , context-based object perception (Binder, Desai, Graves, & Conant, 2009) , and moral reasoning (Bzdok et al., 2012) , suggesting that this network might play a general function for understanding the feelings, desires, and needs of others.
In light of the evidence that individual instances of anger, fear, and sadness categories each arise from interactions of domain-general networks, it would seem valuable for future fMRI studies of emotion to employ a systems neuroscience perspective. Because our study examined only negatively valenced experiences, it is yet to be explored whether these findings would generalize to positive emotions. Although it is possible that the interaction of dorsal salience network connectivity with the amygdala networks is specifically related to various types of negative affect (Eryilmaz, Van De Ville, Schwartz, & Vuilleumier, 2011) , evidence supporting the involvement of regions included in the salience and amygdala networks in positive affect suggests that these networks play a broader role in emotional experiences (Kober et al., 2008; .
The high replicability of our findings suggests that the medial amygdala-dorsal insula and ventrolateral amygdala-dorsal insula NCIs may be useful in future research as neural markers of emotion-related domain-general processes. Such a research agenda fits well with the constructionist framework, which highlights that the domain-general network approach is powerful because the interplay of networks could account for the wide variety of emotions that people experience in real life. It is worth noting that, in line with Kober and colleagues' meta-analysis findings (Kober et al., 2008) , our whole-brain GLM findings indicate that the intensity of emotional experience is also consistently related to other domain-general functions-namely, activation of the neural circuits involved in perception processing.
Our findings show a striking consistency of the relation between subjective emotional experience and interactions of the domain-general salience and amygdala-based networks (i.e., the association between these measures replicated in up to six different instances of emotion). We found that different emotional experiences are often grounded in different distributed patterns, and that each distributed pattern reflects the interaction of domain-general processes. Much emphasis has been placed on distinguishing the neural patterns that distinguish one emotion category from another (e.g., Saarimäki et al., 2015; Tettamanti et al., 2012; Wager et al., 2015) , but the domain-general emphasis specified in psychological construction suggests the potential for much more variability in emotional life (both within and between emotion categories; see, e.g., Wilson-Mendenhall et al., 2015; Wilson-Mendenhall et al., 2011) . Because our findings are based on a composite dataset in which emotion category was a between-subjects manipulation, this study was not optimal for examining differences in the variety of emotional experiences. But our findings do provide the groundwork for expanding a dynamic, domain-general framework for understanding the many emotions that people experience.
Despite the fact that dorsal salience-ventrolateral amygdala network connectivity consistently predicted the intensity of emotional experience across five of our six films, the significance of the relationship did not hold for the X-Files clip. The ventrolateral amygdala network, which includes association areas in the superior temporal sulcus and orbitofrontal regions, is specifically implicated in the perception of social cues (see Bickart et al., 2012) . Thus, the lack of a relation here may be linked to the relative lack of visual social cues in this clip. Whereas in the other cinematic clips social cues such as direction of gaze, facial gestures, and hand action tended to occur more frequently in highly emotional moments, in the X-Files clip, the drama intensified in a night scene in almost complete darkness. Future studies should examine whether the intensity of social cues modulates the connectivity between the ventrolateral amygdala and dorsal salience networks.
One limitation of our study was that we did not directly examine whether the salience and amygdala-based networks are domain-general. However, it is not unreasonable to assume so, on the basis of both the structural and functional evidence published in other studies. For example, major nodes in these networks are members of the brain's Brich club^(van den Heuvel & Sporns, 2013), which consists of the most densely interconnected regions of the human brain (van den Heuvel & Sporns, 2011) . Activation foci in these hubs within the salience network are commonly found in neuroimaging studies using tasks from a variety of psychological domains, spanning emotion, cognition, perception, and action (see Fig. 2 in Clark-Polner, Wager, Satpute, & Barrett, in press, and Fig. 1 in Nelson et al., 2010 ; see also Yeo et al., 2016) . The medial amygdala network overlaps extensively with the default mode network, which also contains rich-club hubs and is widely appreciated as a domain-general network (e.g., Andrews-Hanna et al., 2010; Barrett & Satpute, 2013; Buckner et al., 2008; Yeo et al., 2016) . With respect to emotional experience, the default mode network is routinely engaged across all categories of emotional experience Wager et al., 2015) , during typical and atypical instances of emotion (Wilson-Mendenhall, Barrett, & Barsalou, 2013) , and in the representation of emotion concepts (Skerry & Saxe, 2015; Wilson-Mendenhall et al., 2011) , as well as of concepts more generally (Binder et al., 2009) .
Consistent with future work moving beyond the handful of categories typically studied in the emotion literature, the richness and granularity of emotional experiences during each film clip (as evidenced by the emotion-tagging procedure) points to the limitations of studies in which single emotion labels reductively designate complex emotional experiences. This caveat also applies to the moment-to-moment rating procedure adopted in our study, which was limited to single target emotions. It is possible that people were experiencing several emotions intensely during Sophie's Choice (because several in addition to sadness, fear, and anger were rated relatively high; Table 3 , Fig. 3 ). However, our results indicate that people tended to experience a dominant emotion in the other clips used in the study (see Fig. 3 ). In the future, it will be important to explore the technical feasibility and validity of multiemotional continuous rating, as well as the use of dimension reduction methods (such as factor analysis and principal component analysis) in this context. C.W.-M., T.L., T.G., Y.J., S.A., R.A., and A.M.-K. analyzed the data. L.F.B. and T.H. contributed to the grant funding. The authors declare no conflicts of interest.
